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Specification 

1. Title of the Invention 

CONDUCTIVE HIGH-STRENGTH COPPER ALLOY 

2. Scope of Patent Claim 

(1) A conductive high-strength copper alloy containing 0.1-5 wt% Cr and 
0.02 -1.0 wt% Si, and further containing a total of 0.01 - 3 wt% of any one or 
two or more of the following, within the range of 0.01 - 0.15 wt% P, 0.01 - 0.15 
wt% As, 0.01 - 0.15 wt% Sb, 0.05 - 1 wt% Ni, 0.05 - 1 wt% Co, 0.01 - 0.5 wt% 
Zr, 0.01 - 0.5 wt% Mg, 0.01 - 1 wt% Fe, 0.05 - 3 wt% Zn, 0.05 - 3 wt% Sn, 0.05 
- 1 wt% Al, 0.05 - 0.3 wt% Be, 0.01 - 1 wt% Mn, 0.01 - 1 wt% Ta, 0.01 - 1 wt% 
Nb, 0.01 - 0.5 wt% Te, 0.01 - 1 wt% Ag, 0.01 - 1 wt% misch metal, and 0.01 - 1 
wt% Ti, with the remainder consisting of Cu. 

(2) The conductive high-strength copper alloy of claim 1, wherein the 
amount of Si is the stoichiometric ratio of Cr or less and the amount of O2 is 
0.003 wt% or less. 

3. Detailed Description of the Invention 

[Industrial Field of Use] 

The present invention pertains to conductive high-strength copper alloys 
used in the conductors, leads, conductive springs, terminals, etc., of electronic 



equipment and in particular, presents copper alloys that are useful for miniature, 
high-density semiconductor lead frames. 
[Prior Art] 

Copper alloys are widely used in electronic equipment, for instance, the 
leads of semiconductors, terminals of various components, and conductive 
springs, such as connectors, switches, etc. Phosphor bronze is very popular 
because its strength is 50 - 65 kg/mm 2 and because it has excellent workability. 
Nevertheless, these alloys have a conductivity that is low at 10 - 20% [IACS] and 
therefore, they cannot be used in components that require conductivity (heat 
transferability). In particular, they cannot be used for miniature, highly integrated 
semiconductors. Therefore, Cu-Fe, Cu-Zr, Cu-Ni-Si, etc., alloys are used in part. 

[Problems solved by the invention] 

Although Cu-Fe alloys, for instance C-194 (Cu-2.4 wt% Fe-0.12 wt% Zn-P 
alloy) and C-195 (Cu-1.5 wt%-0.8 wt% Co-0.6 wt% Sn-P alloy) have a 
conductivity of 50 - 65% IACS and a strength of 45 - 55 kg/mm 2 , when the 
strength is increased further, workability and solderability decrease. Although V 
Cu-Cr alloys show a conductivity of as high as 80 - 90% IACS, the coarse ' 
crystals of Cr readily precipitate and when the Cr is brought to 0.7 wt% (hereafter 
wt% is abbreviated as %) or more and the strength is increased to 55 kg/mm 2 or 
stronger, the workability as well as the homogeneity and isotropy of the materials 
are lost. Moreover, although Cu-Zr alloys have a conductivity of 90% IACS or 
higher, their strength is low at 40 kg/mm 2 or lower. Cu-Ni-Si alloys are alloys in 
which Ni 2 Si precipitates and depending on the combination of Ni and Si and 
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production conditions, there is a reduction in their conductivity and solderability. 
That is, there is inevitably a reduction over time in the strength of the soldered 
components due to the unreacted Ni and Si, and this becomes a fatal flaw with 
the standard mounted state of being soldered to a printed substrate, etc. 

In light of this, there is a need for the development of alloys having 
excellent mechanical properties, including strength, elongation, etc., heat and 
electrical conductivity, and solderability, plating performance, scale adhesion, 
corrosion resistance, such as resistance to stress corrosion cracking, etc., that is, 
alloys that are ideal for semiconductor lead materials that must be of high 
performance. 

[Means for solving problems] 

The present invention involves conductive high-strength copper alloys 
ideal for miniature high-density semiconductor lead frames that were developed 
as a result of various studies based on the above-mentioned problems. It is 
characterized in that it involves high-strength copper alloys containing 0.1-5 
wt% Cr and 0.02 - 1 .0 wt% Si, and further containing a total of 0.01 - 3 wt% of 
any one or two or more of the following, within the range of 0.01 - 0.15 wt% P, 
0.01 - 0.15 wt% As, 0.01 - 0.15 wt% Sb, 0.05 - 1 wt% Ni, 0.05 - 1 wt% Co, 0.01 
- 0.5 wt% Zr, 0.01 - 0.5 wt% Mg, 0.01 - 1 wt% Fe, 0.05 - 3 wt% Zn, 0.05 - 3 
wt% Sn, 0.05 - 1 wt% Al, 0.05 - 0.3 wt% Be, 0.01 - 1 wt% Mn, 0.01 - 1 wt% Ta, 
0.01 - 1 wt% Nb, 0.01 - 1 wt% Te, 0.01 - 1 wt% Ag, 0.01 - 1 wt% misch metal 
(hereafter abbreviated MM), and 0.01 - 1 wt% Ti, with the remainder consisting 
of Cu. It is particularly preferred that, within the above-mentioned composition 



range, the amount of Si be brought to the stoichiometric ratio of Cr or less and 
the amount of 0 2 be brought to 0.003% or less. 

The above-mentioned alloys can be easily produced by conventional 
methods to provide the desired dimensional shape and mechanical properties. 
For instance, ingots that have been melt cast are hot-worked, quenched, cold- 
worked and then heat-treated at a temperature of 350 - 650°C and aged and 
precipitation-treated. In addition, solution annealing treatment at 800 - 950°C 
and water quenching can also be performed during the production processes. 

[Effects] 

The alloys of the present invention have the above-mentioned composition 
and in particular, high strength as well as good heat conductivity and electrical 
conductivity are obtained due to the precipitation and hardening effect that are 
the result of precipitation of Cr 3 Si and Cr 5 Si2 compounds. The stoichiometric 
ratio of Si when the Cr content is X% is X/5.6 and therefore, it is possible to 
increase the heat conductivity and the electrical conductivity with the amount of 
Si in the form of a solid solution kept to a minimum by keeping the Si content in 
particular to the stoichiometric ratio or lower. In addition to the Cr-Si compound, 
the Cr precipitates to improve the strength as well as the heat conductivity and 
the electrical conductivity. Coarse precipitation does not have a strengthening 
effect and impairs workability and homogeneity. However, a finely dispersed 
precipitation product is obtained because there is precipitation of the above- 
mentioned two [elements]. The Cr content is 0.1 - 5%, preferably 1 - 4%. The 
Si content is 0.02 - 1 .0%, preferably 0.1 - 0.8%. Sufficient strength will not be 
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obtained if either of these are below the lower limit, while workability will be 
diminished if the upper limits are exceeded. 

In addition, there is a total of 0.01 - 3 wt% of any one or two or more of 
the following within the range of 0.01 - 0.15 wt% P, 0.01 - 0.15 wt% As, 0.01 - 
0.15 wt% Sb, 0.05 - 1 wt% Ni, 0.05 - 1 wt% Co, 0.01 - 0.5 wt% Zr, 0.01 - 0.5 
wt% Mg, 0.01 - 1 wt% Fe, 0.05 - 3 wt% Zn, 0.05 - 3 wt% Sn, 0.05 - 1 wt% Al, 
0.05 - 1 wt% Be, 0.01 - 1 wt% Mn, 0.01 - 1 wt% Ta, 0.01 - 1 wt% Nb, 0.01 - 0.5 
wt% Te, 0.01 - 1 wt% Ag, 0.01 - 1 wt% misch metal, and 0.01 - 1 wt% Ti 
(hereafter these are abbreviated as Y, etc.) because all of these improve 
strength. Of these Y, etc., P not only further acts as a deoxidant, but also forms 
a compound with Cr that precipitates to form a precipitation product with high 
dispersibility. If the Cr precipitates alone, orientation in the worked direction will 
occur during working, resulting in linear deformation. Therefore, isotropic 
homogeneity and plating performance of the material will decrease. However, 
the addition of P prevents this from happening. In addition to further acting as 
antioxidants, Mn, Sb, Zn, etc., prevent deterioration overtime in soldered-joint 
strength. In particular, Mn prevents oxidation and improves scale adhesion. Zr, 
Mg, Be, Ta and Nb further provide supplementary precipitation to make fine 
crystal particles and improve heat resistance and bendability. As with Zn, Mg 
and Be in particular prevent oxidation and improve scale adhesion. Al, Ni, Co, 
Fe, Ti, etc., further act as supplementary strengthening components, and the MM 
and As further act to make the crystals fine. Te and Ag further improve heat 
resistance. Sn further reduces heat conductivity and electrical conductivity as a 
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solid solution component, but enhances dispersibility of the precipitation product 
and has the strengthening effect of a solid solution to improve mechanical 
properties such as strength and elongation, etc. When strength is particularly 
important, for instance, when it must be on the level of 60 - 70 kg/mm 2 or higher, 
[the Sn] content is 0.75 - 3%. However, if the amounts of these elements added 
are below the respective lower limit or if the total content is less than 0.01%, the 
above-mentioned effects will be insufficient, while if each of the elements added 
exceeds the upper limit, or if the total content exceeds 3%, there will be a marked 
reduction in heat and electrical conductivity and a reduction in workability. 
(Examples) 

The alloys shown in Table 1 were combined and melted and cast into 
molds to obtain ingots that were 25 mm thick, 110 mm wide, and 300 mm long. 1 
The surfaces were ground. [The ingot] was then heated and hot drawn at 
approximately 700°C to a thickness of 5 mm. After water cooling, it was rinsed 
with acid and cold drawn to a thickness of 0.81 mm. Then it was heat-treated for 
4 hours at 350°C and cold-drawn to a thickness of 0.31 mm. 

The conductivity, tensile strength, and elongation of the above-mentioned 
sheet were determined. Moreover, the sheet was bent with a press using a V die 
at a base angle of 90° and V-type punches with various tip radii (R) and checked 
for cracking at the bend using a stereoscope. Bending was both in the drawing 
direction and perpendicular to the drawing direction. The ratio of sheet thickness 
(t) and tip radius (R) (R/t) was found. Moreover, in order to study solderability, 
eutectic soldering of a copper lead wire to a part with a width of 5 mm was 



performed and [the sample] was aged for 500 hours at 150°C. Then pulling tests 
were performed. Moreover, in order to investigate adhesion of scales, [samples] 
were treated for various times over a hot plate at 250 - 400°C and tape peeling 
tests were conducted. The minimum oxidation thickness at which scales peeled 
off on the adhesive tape was found. Furthermore, the thickness of the oxide film 
was determined by the cathode reduction method. In order to study plating 
performance, a thickness of 0.1 p was dissolved from the surface using H 2 S0 4 - 
H2O2 and then the surface was neutralized with KCN solution and plated to a 
thickness of 3 p with Ag. This was heated for 5 minutes over a hot plate that had 
been heated to 475°C and microscopically checked for blisters. Stress corrosion 
cracking was studied by keeping a sample in 30 vol% nitric acid salt for 300 
hours while applying a weight of 30 kg/mm 2 and comparing cracking times. 
These results are shown in Table 2 in comparison to C194 (Cu-2.4% Fe-0.12% ' 
Zn-0.03P alloy), MF202 (Cu-2.1% Sn-0.22% Ni-0.08% P alloy), C510 (Cu-5.2% 
Sn-0.15% alloy and Cu-3.5% Ni-0.61% Si-0.03P alloy), which are conventional 
lead frame materials. 

With the exception of Comparative Alloy No. 26, the 0 2 content was 0.001 
- 0.0025%. 
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Table 1. 
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0.06 


Co 0.09 P 0.03 
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Ti 0.1 Ni 0.5 
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As is clear from Table 1 and Table 2, satisfactory results are seen in terms 
of all properties of Alloy Nos. 1 through 21 of the present invention and this is 
clear when they are compared with Comparative Alloy Nos. 30 - 33. That is, 
with the exception of Nos. 1 1 and 14, the alloys of the present invention are 
structures with excess Cr and therefore, they all show satisfactory properties. 
Although the conductivity of Alloy Nos. 3 and 4 of the present invention with a 
particularly high Sn content is low, strength and workability are excellent. 
Although the conductivity of Alloy Nos. 1 1 and 14 of the present invention with 
excess Si is low, the other properties are excellent. 

In contrast to this, it is concluded that one or more of the properties of 
each of Comparative Alloy Nos. 22 - 30 where the composition is outside the 
range of the alloys of the present invention is inferior. That is, Comparative Alloy 
No. 22 that does not contain Y, etc., Comparative Alloy No. 23 with a small Si 
content, Comparative Alloy No. 26 with a high 0 2 content, Comparative Alloy No. 
27 with a low Sn content, Comparative Alloy No. 29 with a low Ni content, and 
Comparative Alloy No. 30 with a high Ni content have both poor workability or 
anisotropy, Comparative Alloy No. 24 with a high Si content and Comparative 
Alloy No. 25 with a high Sn content both have poor conductivity, and 
Comparative Alloy No. 28, which does contain Zn and Mn, but in small amounts, 
has inferior solderability. 
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[Results of the Invention] 

Thus, by means of the present invention, marked results are obtained in 
that strength as well as heat conductivity and electrical conductivity are all 
improved, which has proven difficult in the past, and the many properties of 
workability, solderability, plating performance, etc., that are indispensable for 
electronic and electrical equipment components in which copper alloys are widely 
used are improved to the extent that they are suitable for use in semiconductor 
lead frames, lead wires, various terminals, connectors, conductive springs, etc. 

[The Amendment has been incorporated on the first page of the translation. — 
Trans, note.] 
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